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(57) ABSTRACT 

Devices, systems and methods for passing a Suture. In gen 
eral, described herein are Suturing devices, such as Suture 
passers, as well as methods of Suturing tissue. These Suture 
passing devices are dual deployment Suture passers in which 
a first distal jaw member is moveable at an angle with respect 
to the longitudinal axis of the elongate body of the device and 
the second distal jaw member is retractable proximally to the 
distal end region of the elongate body and/or the first jaw 
member. Methods of Suturing tissue using a dual deployment 
Suture passer are also described. 
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SUTURE PASSER DEVICES AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This patent application claims the benefit of priority 
to the following provisional patent applications: U.S. Provi 
sional Patent Application No. 61/483.200, titled “MENIS 
CUS REPAIR', filed on May 6, 2011, and U.S. Provisional 
Patent Application No. 61/511,922, titled “MENISCUS 
REPAIR, filed on Jul 26, 2011. 
0002 This patent application may be related to U.S. patent 
application Ser. No. 12/942,803, titled “DEVICES, SYS 
TEMS AND METHODS FOR MENISCUS REPAIR, filed 
on Nov. 9, 2010, which claim priority to U.S. Provisional 
Patent Application Nos.: 61/259,572, titled “DEVICES, 
SYSTEMS EMS AND METHODS FOR MENISCUS 
REPAIR, filed on Nov. 9, 2009: 61/295,354, titled 
“DEVICES, SYSTEMS AND METHODS FOR MENIS 
CUS REPAIR, filed on Jan. 15, 2010; and 61/318,215, titled 
CONTINUOUS SUTURE PASSERS HAVING TISSUE 
PENETRATING SUTURE SHUTTLES, filed on Mar. 26, 
2010. 
0003 All of these applications are herein incorporated by 
reference in their entirety. 

INCORPORATION BY REFERENCE 

0004 All publications and patent applications mentioned 
in this specification are herein incorporated by reference in 
their entirety to the same extent as if each individual publi 
cation or patent application was specifically and individually 
indicated to be incorporated by reference. 

FIELD 

0005. The methods, devices and systems described herein 
may be used to Suture tissue, particularly in difficult to access 
regions. In particular, described herein are highly maneuver 
able dual deployment Suture passers configured to be 
deployed around a target tissue to be sutured. 

BACKGROUND 

0006 Suturing of tissue during surgical procedures is time 
consuming and can be particularly challenging in difficult to 
access body regions and regions that have limited clearance, 
Such as regions partially Surrounded or covered by bone. For 
many Surgical procedures, it is necessary to make a large 
opening in the human body to expose the area requiring 
Surgical repair. However, in many cases, accessing the tissue 
in this manner is undesirable, increasing recovery time, and 
exposing the patient to greater risk of infection. 
0007 Suturing instruments ('suture passers’ or 'suturing 
devices') have been developed to assist in accessing and 
treating internal body regions, and generally assisting a phy 
sician in repairing tissue. Although many Such devices are 
available for endoscopic and/or percutaneous use, these 
devices suffer from a variety of problems, including limited 
ability to navigate and be operated within the tight confines of 
the body, risk of injury to adjacent structures, problems con 
trolling the position and/or condition of the tissue before, 
during, and after passing the Suture, as well as problems with 
the reliable functioning of the Suture passer. 
0008 For example, some surgical instruments used in 
endoscopic procedures are limited by the manner in which 
they access the areas of the human body in need of repair. In 
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particular, the instruments may not be able to access tissue or 
organs located deep within the body or that are in some way 
obstructed. In addition, many of the instruments are limited 
by the way they grasp tissue, apply a Suture, or recapture the 
needle and Suture. Furthermore, many of the instruments are 
complicated and expensive to use due to the numerous parts 
and/or Subassemblies required to make them function prop 
erly. Suturing remains a delicate and time-consuming aspect 
of most Surgeries, including those performed endoscopically. 
0009 For example, some variations of suture passers, such 
as those described in U.S. Pat. No. 7,377,926 to Taylor, have 
opposingjaws that open and close overtissue. One, or in some 
variations, both, jaws open, Scissor-like, so that tissue may be 
inserted between the open jaws. Unfortunately, such devices 
cannot be adequately positioned for use in hard to navigate 
body regions such as the joints of the body, including the knee 
(e.g., meniscus) and the shoulder. 
0010. The meniscus is a C-shaped piece of fibrocartilage 
which is located at the peripheral aspect of the joint (e.g., the 
knee) between the condyles of the femur and the tibia on the 
lateral and medial sides of the knee. The central %" of the 
meniscus has a limited blood supply while the peripheral /3" 
typically has an excellent blood Supply. Acute traumatic 
events commonly cause meniscus tears in younger patients 
while degenerative tears are common in older patients as the 
menisci become increasingly brittle with age. Typically, 
when the meniscus is damaged, a torn piece may move in an 
abnormal fashion inside the joint, which may lead to pain and 
loss of function of the joint. Early arthritis can also occur due 
to these tears as abnormal mechanical movement of torn 
meniscal tissue and the loss of the shock absorbing properties 
of the meniscus lead to destruction of the Surrounding articu 
lar cartilage. Occasionally, it is possible to repair a torn 
meniscus. While this may be done arthroscopically, Surgical 
repair using a Suture has proven difficult because of the hard 
to-reach nature of the region and the difficulty in placing 
Sutures in a way that compresses and secures the torn Sur 
faces. 
0011 Arthroscopy typically involves inserting a fiberoptic 
telescope that is about the size of a pencil into the joint 
through an incision that is approximately /8 inch long. Fluid 
may then be inserted into the joint to distend the joint and to 
allow for visualization of the structures within that joint. 
Then, using miniature instruments which may be as Small as 
/10 of an inch, the structures are examined and the Surgery is 
performed. 
(0012 FIGS. 21A, 21B and 22 illustrate the anatomy of the 
meniscus in the context of a knee joint. As shown in FIG. 22 
the capsule region (the outer edge region of the meniscus) is 
vascularized. Blood enters the meniscus from the menisculo 
capsular region 211 lateral to the meniscus. A typical menis 
cus has a flattened (“bottom) and a concave top, and the outer 
cross-sectional shape is somewhat triangular. The outer edge 
of the meniscus transitions into the capsule. FIG. 23 illus 
trates the various fibers forming a meniscus. As illustrated in 
FIG. 23, there are circumferential fibers extending along the 
curved length of the meniscus, as well as radial fibers, and 
more randomly distributed mesh network fibers. Because of 
the relative orientations and structures of these fibers, and the 
predominance of circumferential fibers, it may be beneficial 
to repair the meniscus by Suturing radially (vertically) rather 
than longitudinally or horizontally, depending on the type of 
repair being performed. 
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0013 For example, FIGS. 24A-24E illustrate various tear 
patterns or injuries to a meniscus. Tears may be vertical/ 
longitudinal (FIG. 24A), Oblique (FIG. 24B), Degenerative 
(FIG. 24C), including radially degenerative, Transverse or 
radial (FIG.24D) and Horizontal (FIG.24E). Most prior art 
devices for Suturing or repairing the meniscus are only 
capable of reliably repairing vertical/longitudinal tears. Such 
devices are not typically useful for repairing radial or hori 
Zontal tears. Furthermore, prior art device mechanisms have a 
high inherent risk for iatrogenic injury to Surrounding neu 
rovascular structures and chondral Surfaces. 
0014 Thus, there is a need for methods, devices and sys 
tems for Suturing tissue, particularly tissue in difficult to 
access regions of the body including the joints (shoulder, 
knee, etc.). In particularly, it has proven useful to provide a 
device that may simply and reliably reach and pass Sutures 
within otherwise inaccessible tissue regions. Finally, it is 
useful to provide a suturing device that allows the tissue to be 
sutured to be held within an adjustable jaw so that it can be 
predictably Sutured, and done so in a manner that protects 
fragile Surrounding tissues from iatrogenic injury. The meth 
ods, devices and systems described herein may address this 
need. 

SUMMARY OF THE DISCLOSURE 

0015 The present invention relates to devices, systems 
and methods for Suturing tissue, including a torn meniscus. In 
general, described herein are suturing devices. Such as Suture 
passers, as well as methods of accessing and repairing tissue 
using these suture passers, including methods of Suturing 
tissue. The device and methods described herein allow meth 
ods of Suturing and repairing tissue that were previously 
impossible or impractical to perform during a Surgical proce 
dure. 
0016. The suture passers described herein may also be 
referred to as dual deployment Suture passers, because the 
tissue engaging region of the Suture passer comprises a distal 
facing opening formed between two jaws (a first jaw member 
and a second jaw member), and each jaw member moves (is 
deployed) independently with a different type (e.g., axis, 
plane, range, etc.) of motion. Many of the devices described 
herein may also be referred to as clamping/sliding Suture 
passers, because the first jaw member acts to clamp onto the 
tissue, by changing the angle of the first jaw member relative 
to the more proximal elongate body region of the device, and 
the second jaw member slides, moving axially relative to the 
more proximal elongate body region of the device. 
0017 Thus, in many of the dual deployment suture passer 
described herein, the first jaw member generally extends dis 
tally from a proximal elongate body region; the angle of the 
first jaw member relative to the proximal elongate body 
region is adjustable. These dual deployment Suture passers 
also have a second jaw member that may be moved from a 
position proximal to the first jaw member and/or proximal to 
the distal end of the elongate body region to a distal position 
to form a distal-facingjaw opening with the firstjaw member. 
0018. Because of this novel jaw movement, a dual deploy 
ment Suture passer may readily access and be positioned 
around tissue to be sutured in ways not possible with more 
traditional Suture passers. Generally a dual deployment 
Suture passer may be positioned within the tissue by adjusting 
the angle of the first jaw member to help avoid non-target 
tissue as the device is advanced so that the first jaw member is 
adjacent to the target tissue. The second jaw member may 
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then be extended distally from the proximal position (e.g., by 
sliding axially, by Swinging distally, etc.) So that the tissue is 
held between the first and second jaw members in a distal 
facing jaw opening. The tissue to be sutured may then be 
clamped securely between the first and second jaw members 
(e.g., by adjusting the angle of the first jaw member), and a 
Suture may be passed between the two by extending a tissue 
penetrator from within one of the first or second jaw mem 
bers, across the opening and through the tissue, to either drop 
off or pick up a Suture at the opposite jaw member. The tissue 
penetrator can then be retracted back into the jaw member that 
houses it. 

0019 For example, described herein are methods of 
arthroscopically placing a Suture. The Suture may be placed 
entirely arthroscopically. For example, two or fewerincisions 
may be made into the body (e.g., knee, shoulder, etc.), and a 
camera and Suture passer may be placed within the knee. In 
any of these methods, the Suture may be placed by indepen 
dently or sequentially moving a first distal jaw member 
through a first range of motion before, during or after placing 
the distal end of the Suture passer into the tissue region. A 
second jaw member is typically held proximally to the first 
jaw member either within or aligned with the more proximal 
elongate body region of the Suture passer. After positioning 
the distal end of the Suturing device, including the distally 
extending first jaw member against the target tissue to be 
Sutured, the second jaw member may be advanced distally 
until it is positioned opposite from the first jaw member. The 
tissue may be secured between the first and second jaw mem 
bers. In general the second jaw member may be moved into 
position by moving the second jaw member in a path of 
motion that is different from that of the first jaw member. For 
example, the first jaw member may be hinged to move at an 
angle relative to the elongate body of the device, while the 
second jaw member extends distally (and retracts proximally) 
by sliding axially relative to the elongate body of the device. 
0020 For example, described herein are dual deployment 
Suture passer devices. In some variations these devices 
include: an elongate body having a proximal end region and a 
distal end region; a firstjaw member extending from the distal 
end region of the elongate body and configured for angular 
movement relative to the elongate body; a second jaw mem 
ber configured to extend axially relative to the elongate body, 
the second jaw configured to form an opening with the first 
jaw member when the second jaw member is axially 
extended; and a tissue penetrator deployably held within 
either the first or second jaw member and configured to pass 
a suture between the first and second jaw members by extend 
ing and retracting between the first and second jaw members 
when the first and second jaw members form the opening. 
0021. In some variations, the second jaw member may be 
contained within the elongate body; in other variations, it is 
held outside of the elongate body (e.g., secured adjacent to the 
outside of the elongate body). The elongate body may be 
straight, curved, or bendable; in Some configurations the 
elongate body is tubular and extends as an elongate tube. In 
general, the elongate body may have any appropriate cross 
section, including round, oval, square, triangular, or the like. 
The cross-section of the elongate body may be uniform, or it 
may vary along the length. In some variations, the elongate 
body may be narrower towards the distal end, which may 
allow the device to be inserted into various regions of the 
body. 
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0022. In general, the device may be configured so that the 
tissue penetrator extends between the first and second jaw 
members when they are fully deployed distally. In this con 
figuration, they may be referred to as distal opening or having 
a distal-facing opening. In some variations the first jaw mem 
ber and the second jaw member are deployed or deployable to 
forma distal facing opening into which the targettissue can be 
positioned or held. In some variations the distal opening 
formed between the jaws is formed around the target tissue by 
placing the first or the second jaw members adjacent the target 
tissue and moving the other jaw member (e.g., second or first 
jaw members) on the opposite side of the target tissue. 
0023 The tissue penetrator may be any appropriate tissue 
penetrating member. For example, the tissue penetrator may 
be a needle or tissue penetrating probe. The tissue penetrator 
may include a Suture engagement region for releaseably 
engaging a Suture. In some variations the Suture engagement 
region is a hook, notch, clamp, grasper, eyelet, slot, or the like. 
The Suture engagement region may be positioned at or near 
the distal end, or just proximal to the distal end of the tissue 
penetrator. The distal end of the tissue penetrator may be 
sharp (e.g., pointed, beveled, etc.) or it may be substantially 
dull. The tissue penetrator may be a metal, polymeric, alloy, 
ceramic, composite, or other material. Shape memory or 
Superelastic materials, including Superelastic alloys (such as 
Nitinol) may be used. Thus, as mentioned, the device may 
include a Suture engagement regionator near a distal tip of the 
tissue penetrator configured to couple with a Suture. 
0024. In general, the tissue penetrator may extend between 
the first and second jaw members only when the first and 
second jaw members are positioned to form an opening 
between which tissue may be held. In some variations the 
Suture passer includes a lock or other element preventing or 
limiting (e.g., a limiter) the tissue penetrator motion from 
extending between or beyond the first and second jaw mem 
bers. 
0025. During operation, the tissue penetrator generally 
extends from either the first or second jaw members, across 
the opening between the first and second jaw members (in 
cluding through any tissue between the jaw members), to 
engage with a Suture retainer on the opposite jaw. The Suture 
retainer may hold a Suture so that it can be engaged (grabbed) 
by the tissue penetrator. For example, in some variations the 
tissue penetrator extends across the opening between the first 
and second jaw members until it engages with a Suture held by 
the opposite jaw member (e.g., in a Suture retainer); thereafter 
the tissue penetrator can be retracted back across the opening 
and pull the suture with it. In some variations the suture is 
preloaded onto the tissue penetrator and the Suture retainer 
grabs the Suture from the tissue penetrator (or the tissue 
penetrator deposits the Suture in the Suture retainer) and holds 
on the opposite jaw as the tissue penetrator is retracted back 
across the opening and through any tissue there between. 
0026. The motion of the tissue penetrator may be regu 
lated to prevent the tissue penetrator from extending beyond 
the opening formed between the first and second jaw mem 
bers as it extends across this opening. In particular, a dual 
deployment Suture passer may be configured to prevent the tip 
of the tissue penetrator from extending beyond the outside of 
a jaw member. Extending beyond the jaw member may result 
in damage to Surrounding (non-target) tissues. For example, 
the Suture passer may be configured so that the extent of travel 
of the tissue penetrator is limited based on how “open the jaw 
members are; in variations in which the size of the opening 
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can be modified by adjusting the angle of the firstjaw member 
relative to the elongate body of the device, a limiter may 
prevent the tissue penetrator from extending further beyond 
the side of a jaw member opposite from the jaw member 
housing the tissue penetrator. For example, the tissue penetra 
tor may be configured to extend and retract between the first 
and second jaw members without extending Substantially 
beyond a lateral side of the first or second jaw members 
opposite the opening. Thus, the devices described herein may 
also include a movement limiter configured to limit the move 
ment of the tissue penetrator based on a position of the first 
jaw member, the second jaw member or both the first and 
second jaw members, relative to the elongate body. 
0027. In some variations the limiter (e.g., a travel limiter) 
may be employed to keep the tissue penetrator from extend 
ing beyond the opening and opposite jaw member. For 
example, a limiter may include a barrier, block, cage, or the 
like on the opposite jaw member preventing the tip of the 
tissue penetrator from extending beyond the jaw member 
when the tissue penetrator is extended across the opening. 
0028. Thus, the suturing device may also include a travel 
limiter configured to prevent the tissue penetrator from 
extending substantially beyond a lateral side of the first or 
second jaw members opposite the opening. 
0029. One of the jaw members (e.g., the second) jaw mem 
ber may be configured to move axially by extending distally 
or retracting proximally from the distal end region of the 
elongate body. Thus, the second jaw member may extend 
parallel to the long axis of the elongate body; in curved 
variations of the elongate body, the second jaw member 
extends distally in the direction continuing the distally mov 
ing trajectory of the elongate body. The second jaw member 
may extend axially from within the elongate body, or from 
adjacent to the elongate body. In some variations the entire 
second jaw member may retract within the elongate body. 
0030. In some variations, the opening formed between the 

first and second jaw members by extending the second jaw 
member distally is a distal-facing opening, as described 
above. In some variations the device includes a holdfast to 
hold one or both jaw element in a fixed position; the holdfast 
may be released or engaged by user control. For example, the 
Suturing device may include a first and/or second jaw holdfast 
configured to hold the first and/or second jaw members in a 
fixed position relative to the elongate body. In one variation, 
the device includes a first jaw holdfast configured to hold the 
first jaw member in an angular position relative to the elon 
gate body and/or a second jaw holdfast to hold the second jaw 
element in a fixed axial position relative to the elongate body. 
0031. Any of the device variations described herein may 
include a handle at the proximal end of the device. The handle 
may be controlled by a user (e.g., Surgeon) to actuate the 
various elements of the device, including the first jaw mem 
ber, the second jaw member, and the tissue penetrator. The 
handle may therefore include one or more controls. For 
example, the device may include a first control for controlling 
the angular position of the first jaw member relative to the 
elongate body and a second control for controlling the axial 
position of the second jaw member relative to the elongate 
body. These controls may be on the proximal handle. 
0032. The device may also include an indicator for indi 
cating when the second jaw is in a predetermined axially 
extended position relative to the elongate body. The indictor 
may be visual, tactile, aural, or the like, including some com 
bination of these. In some variations a separate indicator is not 
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necessary; the full extension of the second (or first) jaw mem 
ber may be the fully engaged position. Thus, when further 
actuation of the control (e.g., Squeezing a trigger, moving a 
level, dial, or the like) does not result in any further actuation. 
In some variations the control may “stop' when the jaw 
member is fully extended. 
0033. Thus, in some variations, the device includes a 
proximal handle having controls for controlling at least one of 
the angular movement of the first jaw member, the axial 
movement of the second jaw member or the extension and 
retraction of the tissue penetrator. 
0034. Also described herein are suture passer devices 
(e.g., a dual deployment Suture passers) comprising: an elon 
gate body having a proximal end region and a distal end 
region; a first jaw member extending from the distal end 
region of the elongate body and configured for angular move 
ment relative to the elongate body; a second jaw member 
configured to extend distally or retract proximally from the 
distal end region of the elongate body; and a tissue penetrator 
configured to pass a Suture between the first and second jaws 
and further configured to extend and retract between the first 
and second jaw members when the second jaw member is 
extended distally to form a distal-facing opening with the first 
jaw member. 
0035) Any of the features described above may be 
included in these variations as well. For example, the device 
may also include a Suture engagement region near a distal tip 
of the tissue penetrator, the Suture engagement region config 
ured to couple with a suture. In some variations the device 
also includes a movement limiter configured to limit the 
movement of the tissue penetrator based on a position of the 
first jaw member, the second jaw member or both the first and 
second jaw members. 
0036) Also described herein are suture passer devices 
including: a hinged first jaw member extending from a distal 
end of an elongate body and configured to controllably bend 
relative to a longitudinal axis of the elongate body; an axially 
sliding second jaw member configured to extend distally and 
retract proximally relative to the distal end of the elongate 
body to form a distal-facing opening with the first jaw mem 
ber when the second jaw member is extended distally; a tissue 
penetrator housed within the second jaw member and config 
ured to extend across the distal-facing opening to the first jaw 
member; a Suture engagement region disposed near a distal 
end of the tissue penetrator and configured to engage a Suture; 
and a travel limiter configured to engage the tissue penetrator 
and prevent the tissue penetrator from extending beyond a 
lateral side of the first or second jaw members opposite the 
distal-facing opening. 
0037 Although many of the device variations just 
described include a second jaw member that is axial movable, 
in some variations the second jaw member is movable in other 
dimensions in addition to, or alternatively to, the axial direc 
tion. Generally the second jaw member is movable in a direc 
tion that is different from the manner of movement of the first 
jaw member, and extends the second jaw member from a 
position in which the distal end (e.g., tip) region of the second 
jaw member is proximal to the distal end of the elongate body. 
Movement of the second jaw member may be independent of 
the movement of the first jaw member. 
0038 Also described herein are methods of suturing a 

tissue, the method comprising: moving a first jaw member of 
a dual deployment Suture passer so that the first jaw member 
extends distally from a proximal elongate body region of the 
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Suture passer at an angle with respect to a longitudinal axis of 
the proximal elongate body region; positioning the first jaw 
member adjacent to a tissue to be sutured; extending a second 
jaw member of the suture passer distally relative to the elon 
gate body region to form a distal-facing opening between the 
first and second jaw members, so that the tissue to be sutured 
is within the distal-facing opening; and passing a Suture 
through the tissue within the distal-facing opening by moving 
a tissue penetrator coupled to a Suture between the first and 
second jaw members. 
0039. The method may also include the step of preventing 
the tissue penetrator from extending beyond a lateral side of 
the first or second jaw members opposite the distal-facing 
opening when passing the Suture. In some variations, the 
method also includes the step of retracting the second jaw 
member proximally relative to the elongate body and with 
drawing the Suture passer from the tissue. 
0040. This method may be used to treat (e.g., suture) as 
part of a variety of treatments, including, but not limited to, 
repair of a torn meniscus, repair of a torn ACL, labral tear 
repair, hip labrum repair, spinal disc repair, etc. In any of these 
variations, the method of treatment (method of Suturing tis 
Sue) may include the step of positioning the first jaw adjacent 
to the tissue to be sutured. Such as the meniscus, labrium, 
ACL, spinal disc/annulus, etc. For example, the step of posi 
tioning the first jaw member may comprise positioning the 
first jaw member adjacent to meniscus tissue. 
0041. These devices and methods may be used as part of a 
minimally invasive (e.g., percutaneous) or open procedure. 
For example, the method of suturing may also include the step 
of percutaneously inserting the Suture passer near the tissue to 
be sutured. 

0042. The step of passing the suture through the tissue 
may comprise extending the tissue penetrator from the sec 
ond jaw member through the tissue to the first jaw member, 
engaging the Suture held in the first jaw member and retract 
ing the tissue penetrator back to the second jaw member while 
holding the Suture with the tissue penetrator. In some varia 
tions, the step of passing the Suture through the tissue com 
prises extending the tissue penetrator coupled to a Suture from 
the second jaw member through the tissue to the first jaw 
member, engaging the Suture with a Suture retainer in the first 
jaw member and retracting the tissue penetrator back to the 
second jaw member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043 FIG. 1 shows one variation of a dual deployment 
Suture passer as described herein. 
0044 FIGS. 2A through 2D illustrate actuation of the first 
jaw member, second jaw member and tissue penetrator for 
one variation of a Suture passer. 
0045 FIG. 3 is a side view of the suture passer shown in 
FIG 1. 

0046 FIG. 4 is a front perspective view of the suture 
passer shown in FIG. 3 in which the first jaw member is 
positioned at an angle relative to the longitudinal axis of the 
elongate body of the device, and the second jaw member is 
extended fully distally relative to the elongate body to form a 
distal-facing jaw opening. 
0047 FIG. 5A is a side perspective view of the suture 
passer variation shown in FIG. 4 with the second jaw member 
retracted proximally. 



US 2012/0283753 A1 

0048 FIG.5B shows the suture passer of FIG.5A with the 
second jaw extended distally: FIG. 5C shows FIG. 5B with 
the outer region of the elongate body removed. 
0049 FIG. 6A shows a top perspective view of the suture 
passer shown in FIG. 5A. 
0050 FIG. 6B shows a bottom perspective view of the 
suture passer of FIG. 5B. 
0051 FIG. 6C shows a bottom perspective view of the 
suture passer of FIG. 5C. 
0052 FIG. 7A shows a side view of one variation of a 
tissue penetrator. 
0053 FIG. 7B shows a side perspective view of the tissue 
penetrator of FIG. 7A. 
0054 FIG. 8 shows the perspective view of FIG. 4 with a 
tissue penetrator partially extended between the first and sec 
ond jaw members, and with a Suture loaded in the first jaw 
member. 
0055 FIGS. 9A-9C illustrate actuation of a suture passer 
such as the one shown in FIG.8 to pass a suture from the upper 
jaw to the lower jaw. 
0056 FIG. 10A shows a side view of one variation of the 
distal end region of a Suture passer, showing a first and second 
jaw member extended in to form a distal facing opening. 
0057 FIG. 10B shows another variation of the distal end 
region of a Suture passer with the first and second jaw member 
extended in to form a distal facing opening. 
0058 FIG. 11 illustrates one variation of a first jaw mem 
ber having a hinge allowing angular motion relative to the 
long axis of the elongate member region of the suture passer. 
0059 FIGS. 12A-12E illustrate operation of one variation 
of a dual deployment Suture passer configured as a clamping/ 
sliding Suture passer. 
0060 FIGS. 13 A-13C illustrate operation of one variation 
of a dual deployment Suture passer configured as a clamping/ 
side-swinging Suture passer. 
0061 FIGS. 14A-14C illustrate operation of one variation 
of a dual deployment Suture passer configured as a clamping/ 
down-Swinging Suture passer. 
0062 FIGS. 15A-15C illustrate operation of one variation 
of a dual deployment Suture passer configured as a clamping/ 
complex motion Suture passer. 
0063 FIGS. 16A-16C illustrate another variation of a dual 
deployment Suture passer configured so that the distal end of 
the tissue penetrator extends distally from the first jaw. 
0064 FIG. 17A shows one variation of a proximal handle 
with controls for controlling action of a dual deployment 
Suture passer. 
0065 FIG. 17B shows another variation of a proximal 
handle with controls for controlling action of a dual deploy 
ment Suture passer. 
0066 FIGS. 18A-18C show another variation of a suture 
passer as described. 
0067 FIGS. 19A-19F illustrate operation of one variation 
of dual deployment Suture passer. 
0068 FIGS. 20A and 20B show a generic form of a dual 
deployment Suture passer. 
0069 FIGS. 21A and 21B illustrate the anatomy of the 
meniscus. 
0070 FIG. 22 illustrates the anatomy of the meniscus, 
including the capsule and associated vascular tissue. 
0071 FIG. 23 illustrates the structure of a meniscus. 
0072 FIGS. 24A-24E illustrate various tear patterns that 
may be repaired using the invention described herein. 
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(0073 FIGS. 25A-25H illustrate the use of a dual deploy 
ment Suture passer to Suture a torn meniscus. 
(0074 FIGS. 26A-26H illustrate the use of a dual deploy 
ment Suture passer to Suture a labral tear. 
(0075 FIGS. 27 A-27G illustrate the use of a dual deploy 
ment Suture passer to repair a hip labrum. 
0076 FIG.28 shows an exemplary section through a spine 
showing a normal disc; 
0077 FIG. 29 shows a similar section through a spine 
having a herniated disc. 
(0078 FIGS.30A-F illustrate the use of a dual deployment 
Suture passer to repair a herniated disc. 
(0079 FIGS. 31A-31F illustrate another example of using 
a dual deployment Suture passer to repair a spinal region. 

DETAILED DESCRIPTION 

0080. Described herein are suture passers. In general, 
these devices may be referred to herein as Suture passers, 
suturing devices. The devices described herein may also be 
referred to as dual deployment Suture passers, or in some 
variations, clamping/sliding Suture passers. 
I0081. In general, the suture passers described herein 
include a first jaw member and second jaw member that are 
configured to extend from the end of an elongate body region. 
FIG. 1 illustrates one variation of a dual deployment suture 
passer 100. In this example, the device has a first (upper) jaw 
member 103 extending distally from the distal end of a more 
proximal elongate member 101. A second jaw member 105 is 
shown extended distally beneath the first jaw member 105. A 
handle 107 is located at the proximal end of the device and 
includes multiple controls for independently controlling the 
movements of the first jaw member, second jaw member, and 
tissue penetrator. The handle in this example also includes a 
second jaw member lock for locking/unlocking the move 
ment of the second jaw member. 
I0082. The suture passer shown in FIG. 1 is positioned with 
the first jaw member held at an angle relative to the long axis 
of the proximal elongate member. The first jaw member in 
this example is shown having a hinge region 113 about which 
the first jaw member may be angled relative to the elongate 
member. In some variations this hinge region is a pinned 
hinge; non-pinned (e.g., living hinges) regions may be used. 
Any appropriate articulating region that allows the first jaw 
member to move at an angle relative to the proximal portion 
of the device (e.g., the elongate member) may be used. In 
Some variations this first jaw member is referred to as an 
upper jaw member, but alternative variations (in which the 
first jaw member is a lower jaw member) are also possible. 
I0083. The first jaw member may be actuated by any appro 
priate mechanism, including a tendon member (e.g., pushrod, 
pull rod, or the like), and may be held (locked) at any angle 
(e.g., between 0° and 180° relative to a line extending from 
the distal end of the elongate body, between about 0° and 90°, 
between about 0° and 60°, etc.). In some variations the device 
has a neutral position during which no force is applied to the 
controller to move the first jaw member, so that the first jaw 
member is angled “open' (e.g., at 30°, 45°, 50°, 90° or at any 
angle between about 15° and about 90° relative to the elon 
gate body; actuating the control on the handle results in the 
first jaw member moving towards the “closed’ position (e.g., 
reducing the angle with respect to a line extending from the 
distal end of the elongate body). 
I0084. The first jaw member shown in FIG. 1 also includes 
a Suture retainer region near the distal end (described in 
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greater detail below). This suture retainer region may hold the 
Suture or be configured to hold a Suture. In some variations the 
Suture retainer includes a channel or guide for holding the 
Suture in a preferred position. In some variations the Suture 
retainer includes a pair of graspers, or deflectable members 
into which the Suture may be pushed and held (e.g., handed 
off from the tissue penetrator). A suture retainer generally 
holds the suture so that it can be either removed by the tissue 
penetrator, or so that a Suture can be passed into the Suture 
retainer from the tissue penetrator. In FIG. 1, the suture 
retainer is a channel across which the Suture extends so that it 
can be reliably engaged and pulled down by the tissue pen 
etrator as described in more detail below. In some variations 
the second jaw member includes a Suture retainer, rather than 
the first jaw member. 
0085. The second jaw member is shown in FIG. 1 as a 
lower jaw member. In this variation, the lower jaw member is 
configured to slide proximally towards and into the proximal 
elongate body of the device. The second jaw member typi 
cally moves axially, in the direction of the proximal-distal 
axis of the Suture passer. In some variations the second jaw 
member moves axially completely past the distal end of the 
elongate body; alternatively, the second jaw member slide 
axially in the proximal direction only partially (e.g. to align 
with the hinge region of the first jaw member). The second 
jaw member shown in FIG. 1 retracts completely into, and 
extends out of the lower portion of the elongate body. In some 
variations the second jaw member moves axially in parallel 
with the lower jaw member, or only a portion of the lower jaw 
member extends into the elongate body. 
I0086 A tissue penetrator (not shown in FIG. 1) may be 
housed within either the first or second jaw member. As 
described in more detail below, the tissue penetrator may be 
configured as a needle, wire, knife, blade, or other element 
that is configured to extend from within either the first or 
second jaw members and across the opening between the jaw 
members to engage a Suture retainer and either drop off or 
pick up a Suture therefrom. In general, the tissue penetrator 
may be configured to completely retract into the jaw member 
housing it. It may be extended across the opening between the 
jaws by actuating a member in the handle to push or otherwise 
drive it across the opening, and though any tissue held 
between the jaws. 
I0087. The second jaw member 105 shown in FIG. 1 com 
pletely houses the tissue penetrator and includes a deflection 
region that drives the tissue penetrator up and out of the 
second jaw member by deflecting it across the opening 
between the two. 
I0088. The elongatebody 101 shown in FIG. 1 is illustrated 
as a relatively straight cylindrical body, though other shapes 
may be used. For example, the elongate body may be curved, 
bent, or angled. In some variations the elongate body is con 
figured to be bent, curved or angled dynamically (e.g. by 
changing the bend or curve). 
0089. The elongate body may be any appropriate length. 
For example, the elongate body may be between about 6 and 
about 24 inches long, e.g., 6 inches long, 8 inches long, 10 
inches long, 12 inches long, etc. The Suture passers described 
herein may be used for arthroscopic Surgeries and therefore 
may be dimensioned for use as such. Thus the diameter of the 
device may be configured to be small enough for insertion 
into a cannula, tube or the like for insertion into the body. 
0090 FIGS. 2A-2D illustrate one variation of the distal 
end region of a dual deployment Suture passer forming a 
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distal-facing opening and extending a tissue penetrator across 
the distal opening. For example, in FIG. 2A the distal end of 
the device is shown with the first jaw member 201 (shown 
here as an upper jaw member) extended distally at 0° relative 
to a line extending from the distal end of the elongate body 
203. This “straight” configuration may be helpful for insert 
ing and/or removing the distal end of the device into the tissue 
(e.g., through a cannula). The first jaw member can then be 
bent, or allowed to bend in some variations, at an angle 
relative to a line extending from the distal end of the elongate 
body. 
0091. In this example, the first jaw member pivots around 
anhinge point 205, and is controlled by a pulling member 208 
that pushes and/or pulls proximally and/or distally to control 
the bend of the first jaw member. The pulling member may 
include a shaft, wire, tendon, tube, cannula, or the like, and 
may extend to the proximal end of the device where it can be 
controlled. The arrow 211 in FIG., 2A illustrates the plane and 
direction of motion of the first jaw member. 
0092. In FIG.2B the first jaw member has been moved (or 
allowed to move) so that it forms an angle of approximately 
30° with a line extending from the distal end of the elongate 
body. The arrow 214 in FIG. 2B illustrates the direction of 
axial motion that the lower jaw (not yet visible in FIG. 2B) 
will be moved. This is illustrated in FIG. 2C, in which the 
lower jaw member 207 has been extended distally from the 
proximal region of the device. In this example the second jaw 
member 207 is shown fully extended distally relative to the 
elongate body region 203. Although this example shows the 
second jaw member extending from completely within the 
elongate body region (as in FIG. 2B), in Some variation the 
lower jaw member is held outside of the elongate body region, 
or only partially within the elongate body region. In some 
variations the second jaw member is completely retracted 
proximally so that much (or all) of the second jaw member is 
held proximal to the distal end of the elongate body region 
2O3. 

0093. Once the first and second jaw members are com 
pletely extended distally (as shown in FIGS. 2C and 2D, the 
tissue penetrator may be sent across the distal-facing opening 
222 as shown in FIG.2D. In general, the tissue penetrator may 
be prevented from exiting the opposite side of the jaw mem 
ber by a limiter (e.g. a travel limiter and/or a movement 
limiter). In FIG. 2A-2D the first jaw member includes a cage 
or shield region 232 that prevents the tip of the tissue pen 
etrator from extending out of the first jaw member where it 
may cut or damage the non-target tissue. In some variations 
the device may also include a movement limiter, which limits 
the movement of the tissue penetrator so that it can only 
extend to just couple with the opposite jaw member (and pass 
or grab a Suture held therein). Since the jaws may be open to 
varying positions, a movement limiter may help prevent the 
tissue penetrator from overextending even when the first jaw 
member is only slightly angled with respect to a line extend 
ing from the distal end of the elongate body. 
0094. In some variations the tissue penetrator may be pre 
vented from extending across the opening between the first 
and second jaw members unless the second (axial moving) 
jaw member is extended distally relative to the elongate body. 
This may allow the tissue penetrator to mate properly with the 
Suture engagement region on the first jaw member. For 
example, a lock or other mechanism may be used to prevent 
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the tissue penetrator from engaging with a control at the 
proximal end of the device until the second jaw member is 
fully extended. 
0095. A side view of the device shown in FIGS. 1-2D is 
provided in FIG. 3. 
0096 FIG. 4 shows a front perspective view of the distal 
end region of the device of FIGS. 1-3 with the second jaw 
member extended fully distally and the first jaw member 
angled slightly (e.g., approximately 30° relative to a line 
extending distally from the longitudinal axis of the elongate 
body). In this variation the lower jaw member 403 may be 
configured to fit within the upper jaw member 401 when the 
two jaw member S are closed down on one another (not 
shown). Thus the upper (first) jaw member 401 is wider than 
the lower (second) jaw member 403. The first jaw member in 
this example also includes optional side windows 402. The 
first jaw member may also include a Suture engagement 
region; in FIG. 4, this Suture engagement region includes a 
channel 409 through the midline (extending proximally to 
distally) and a first 415 and second 417 notch or protrusion 
405 cut into the first jaw member. A suture may be wrapped 
around the firstjaw member by passing from the proximal end 
of the device, under the proximal notch 417 and along the 
bottom (e.g., the side of the first jaw facing the extended 
second jaw) around the distal end of the first jaw member and 
along the top (e.g., the side of the first jaw facing away from 
the second jaw) and, under the distal notch 415 and back up 
out of the proximal notch 417 so that the suture may extend 
distally. This loop of suture held by the suture engagement 
region of the jaw member may be held under sufficient ten 
sion so that the Suture may be engaged by the Suture engage 
ment region of the tissue penetrator (e.g., hook, grasper, etc.). 
In some variation a tensioning member may be included in the 
Suture engagement region. 
0097. In some variations (not shown here) the suture may 
be contained within the elongate body of the device. Alterna 
tively, the suture may be kept outside of the device. In some 
variations the suture may be loaded by the user. For example, 
a user may load a Suture on the device by placing a loop of 
suture over the first jaw member. In some variation suture 
holder may be placed along the length of the device to hold or 
manage the Suture so that it doesn't interfere with the opera 
tion of the device or get tangled. 
0098 FIGS. 5A-5C and 6A-6C illustrate different views 
of the first and second jaw members in one variation. For 
example, in FIG. 5A the first jaw member is shown with the 
second jaw member retracted proximally. FIG. 6A shows a 
top perspective view of the same first jaw member shown in 
FIG. 5A. In FIG. 6A, the first jaw member includes a channel 
605 extending along the longitudinal length of the first jaw 
member; this channel may form part of the Suture engagement 
region. The channel may hold the Suture so that it extends 
along the midline of the first jaw member on the underside of 
the first jaw member. The notches 607, 609 in the first jaw 
member near the proximal end extend toward the midline of 
the first jaw member and allow the suture to pass from the top 
of the first jaw member to the bottom and back out, as dis 
cussed above. Thus, the suture may be held close to the 
elongate body of the device even when the first jaw is open to 
various angles. 
0099 FIG. 6B illustrates the underside or bottom of the 

first jaw member shown in FIG. 6A. The suture management 
region is the entire opening formed at the distal end. This 
cavity 613 is surrounded by the inside of the firstjaw member, 
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and (as mentioned above) may act as a limiter to limit the tip 
of the tissue penetrator from extending outside of the first jaw 
member. FIG. 6C shows the same view as in FIG. 6B, but with 
the second jaw member axially extended distally. 
0100 Returning now to FIG. 5B, a side view of the distal 
end of one variation of a Suture passer is shown with the 
second jaw member 503 extended distally. FIG.5C shows the 
same view as in FIG. 5B but with the outer cannula 502 
covering for the elongate member removed, showing the con 
nection between the second jaw member and the pushing/ 
pulling element (rod 505). The pushing/pulling element may 
be a wire, shaft, tendon, or the like, allowing the second jaw 
member 503 to be controllably slid distally and proximally. 
Not visible in FIGS. 5A-6C is the tissue penetrator, which is 
fully retracted into the second jaw member in this exemplary 
embodiment. 
0101 FIG. 7A shows one variation of a tissue penetrator 
700 as described herein. In this example, the tissue penetrator 
includes a sharp, pointed distal tip 701 and just proximal to 
the distal tip is a Suture engagement region configured as a 
hooked cut-out region 703. The proximal end of the tissue 
penetrator includes a coupling region for coupling the tissue 
penetrator with a pusher/puller mechanism, Such as a shaft, 
rod, wire, tendon, or the like. 
0102 FIG. 8 shows the same perspective view of FIG. 4, 
but with the tissue penetrator 803 partially extended across 
the distal-facing opening formed between the first jaw mem 
ber 801 and the second jaw member 803. A suture 808 is 
looped around the first jaw member 801. Both ends of the 
Suture pass into the notched region and are held close to the 
elongate body, allowing the loop of suture to be held in 
tension within the Suture engagement region. 
(0103 FIG. 9A-9C illustrate the variation of the device 
described above passing a Suture from the first jaw member to 
the second jaw member. In FIG. 9A, the distal end of the 
second jaw member for the dual deployment Suture passer has 
been extended fully. The upper jaw is held at an angle relative 
to the elongate body region of the device proximal to the joint 
(e.g., hinge, bend region, etc.) of the first jaw member. A 
Suture has been loaded into the Suture engagement region, and 
extends along the length of the midline of the first jaw mem 
ber. In FIG.9B, the first jaw member has been moved slightly 
(decreasing the angle between the first jaw and the fully 
extended lower jaw member. This may be typically of situa 
tions in which tissue is held between the first and second jaw 
members. Clamping the tissue to be sutured in this manner 
allows the tissue to be secured within the jaws, preventing it 
from moving undesirably, and helping the tissue penetrator to 
penetrate through the tissue. Further, in FIG. 9B the tissue 
penetrator has been extended from the lower second jaw 
member across the distal-facing opening, towards the firstjaw 
member and the suture retained therein. Once the tissue pen 
etrator contacts the suture, it may be grabbed or otherwise 
engaged by the Suture engagement member of the tissue 
penetrator. Thereafter, the suture can be pulled back down 
with the tissue penetrator as it retracts back into the second 
jaw member. In this variation, the loop of suture is pulled back 
through the tissue. 
0104. Although the variation of the suture passer shown 
and discussed above includes relatively straight first and sec 
ond jaw members, other configuration of jaw members is 
possible. For example, FIGS. 10A and 10B illustrate two 
variations of the upper jaw member. In particular, FIG. 10B 
shows a variation in which the straightjaw member of the first 
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jaw member is instead a curved jaw member, the curve may 
allow a greater thickness of tissue to be placed between the 
jaws and may also be useful for navigating certain tissue 
regions, such as the labrum and ACL. 
0105. In general, the first jaw member in many of the 
variations described herein may be dynamically angled with 
respect to the elongate body of the device. The first jaw 
member may be connected to and extend from the distal end 
of the elongate body, or may be connected to an intermediate 
region between the elongate body and the first jaw member. 
For example, in FIG. 11, a first jaw member is hinged to the 
elongate body, so that it can be controllable moved to change 
the angle between with the elongate body long axis. The first 
jaw member hinge 1103 thus allows the position of the first 
jaw member 1101 to be adjusted (e.g., more opened or closed) 
as device is positioned within the body towards a desired 
tissue to be sutured. This adjustability may allow the suturing 
device to be inserted further into the space, hence farther from 
any insertion cannula 1109. This scissoring jaw mechanism, 
in combination with the absence of a second (lower) jaw 
member, which may be retracted proximally, enables the 
device to Surround a target tissue without being trapped 
within the cannula 1109 opening (the jaws don’t have to be 
opened as traditional jaws would be) as it is being positioned. 
0106 For example, FIGS. 12A-12E illustrate one varia 
tion of the operation of a dual deployment Suturing device in 
which the first (upper) jaw member is hinged and the second 
(lower) jaw member slides axially relative to the elongate 
body region proximal to the first jaw member. This design 
allows the device to surround tissue in difficult to reach areas, 
while at the same time protecting nearby tissue from iatro 
genic damage. In FIG. 12A a cannula has been placed within 
the body near the target tissue. Non-target tissue to be avoided 
is also nearby. For example the non-target tissue region may 
be a nerve, an artery, a vein, bone, cartilage, etc. In FIG. 12B, 
the suturing device is extended from the cannula with the 
distal end of the first jaw member leading. The first jaw 
member may be held in a horizontal position (at an angle of 0° 
relative to the long axis of the elongate body). In this example, 
the second jaw member is retracted proximally and is there 
fore kept out of the way of the distal end region of the device 
as it is positioned near the target tissue. In FIG. 12C the first 
jaw member is angled “up” (at an angle of about 30° with 
respect to the long axis of the elongate body) allowing the 
device to maneuver around the potentially sensitive non 
target tissue so that it can be positioned adjacent to the target 
tissue. All of these maneuvers may be performed with the 
help of visualization, such as arthroscopic visualization. In 
FIG. 12D, once the first jaw member is adjacent to the tissue, 
the second jaw member may be distally extended by moving 
axially from the distal end of the elongate body, as shown. 
This motion of the second jaw member may also be referred 
to as a telescoping motion, as it is extending out of the proxi 
mal region toward the distal end by axially sliding. As the 
second jaw member extends distally it surrounds the tissue 
between the first and second jaw members, forming a distal 
facing opening in which the target tissue resides, as shown in 
FIG. 12E. Thereafter, the tissue penetrator may be extended 
between the first and second jaw members, allowing the tissue 
penetrator to pass the Suture from the first to the second jaw 
member. When the suture has been passed and the tissue 
penetrator retracted back into the second jaw member, the 
second jaw member may be retracted back towards the elon 
gate member, proximally, and the entire device withdrawn 
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from the tissue or away from the target tissue. The suture 
passing through the tissue may then be knotted or otherwise 
anchored. 
0107 FIGS. 13 A to 13C illustrate operation of another 
variation of a Suture passer in which the second jaw member 
is a side Swinging member. In this variation the second jaw 
member extends from the proximal portion (e.g., behind the 
first jaw member or the hinge of the firstjaw member) to distal 
position by a side Swinging motion. Although this motion 
would not be permitted everywhere in the body, there may be 
Some variations in which this side Swinging motion may be 
desired. 
(0.108 FIGS. 14A-14C illustrate operation of another 
variation of a Suture passer having a first jaw member that 
Swings from a proximally located position (e.g., proximal to 
the upper jaw) to a distal positionable to form a distal-facing 
jaw opening with the first jaw member. In this variation the 
second jaw member Swings down (away from the long axis of 
the device) and backup to be positioned distally and opposite 
the first jaw member as shown in FIG. 14B and 14C. 
0109) Other variations of motion of the second jaw mem 
ber are possible, including compound motions that combine 
more than one of the axial motion, side-swinging motion and 
down-swinging motion. For example, FIGS. 15A-15C illus 
trate a second jaw member having a compound or composite 
motion. In any of these variations, the second jaw member 
typically goes from a retracted position in which it is held 
proximal to firstjaw member and/or proximal to the distalend 
of the elongate body, to an extended distal direction. 
0110. The position of the first jaw member and the second 
jaw member may be separately and/or independently con 
trolled. For example, any of the variations described herein 
may include a proximal handle having controls for control 
ling the activation of the first jaw member, the second jaw 
member, and the tissue penetrator. For example, FIG. 17A is 
an enlarged view of the handle region of the suture device 
discussed above in FIGS. 1-3. In this example, the handle 
includes a control to control the motion of the first jaw mem 
ber (which may also be referred to herein as a clamp trigger) 
1603, a second jaw member control 1605 (or lower jaw 
handle), and a tissue penetrator control 1607 (or needle trig 
ger). Additional controls may include a lower jaw screw lock 
to lock the position of the law jaw member. The operation of 
this handle variation in controlling a dual deployment Suture 
passer is described below with respect to FIGS. 19A-19F. 
0111 FIG. 17B illustrates another variation of a handle for 
a dual deployment Suture passer. In this variation the handle 
controls are triggers/handles. The proximal trigger 1705 is a 
Squeeze handle that controls the angle of the first jaw member 
1703 relative to the elongate body. The control and handle are 
configured with a bias element (spring 1707) that tends to 
keep the first jaw member at an angle with respect to the 
elongate member; in this example, the angle is about 30° 
relative to a line extending distally from the long axis of the 
elongate body region of the device. A second grip control 
1709 controls the extension of the second (lower) jaw mem 
ber (not visible in FIG. 17B). In this variation a second bias 
ing element (spring) 1711 tends to hold the control so that the 
second jaw element is retracted proximally and, in this 
example, into the elongate member. A third trigger control 
1715 controls the extension of the tissue penetrator. This 
control is arranged to include a lock that prevents the control 
from engaging with the tissue penetrator until the second jaw 
member is completely extended. Further, the control also 
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includes a travel limiter 1721 that limits how far the tissue 
penetrator may be extended from within the second jaw ele 
ment based on how angled the first jaw memberis, preventing 
the tissue penetrator from trying to extend beyond the firstjaw 
element. 

0112. In any of the devices described herein, the controls 
may be handles or triggers (as illustrated in FIGS. 17A and 
17B) or other controls, such as dials, buttons, sliders, 
switches, or the like. 
0113 Although many of the suture passer devices (includ 
ing the dual deployment Suture passers described above) limit 
the travel of the tissue penetrator to prevent it from extending 
beyond the opposite jaw member from where it is housed 
when not extended, in some variations it may be beneficial to 
allow the tissue penetrator to extend distally out of the oppo 
site jaw member, as illustrated in FIGS. 16A-16C. In this 
example the tissue penetrator is deflected within the opposite 
jaw member and allowed to extend distally out of the opposite 
jaw member some amount (e.g., less than 5 mm, less than 4 
mm, less than 3 mm, etc.). For example, as shown in FIG. 
16A, the tissue penetrator may be housed in the second jaw 
member and may be deployed across the distal-facing open 
ing formed when the first and second jaw members are 
extended fully distally. The tissue penetrator is shown par 
tially extended from the second jaw member in FIG. 16A, 
however it should be understood that the tissue penetrator 
(including the tip of the tissue penetrator) may be fully 
retraced or retractable into the second jaw member. Also, for 
convenience in FIGS. 16A-16C, the jaw members are shown 
close together, e.g., with only a little space between the first 
and second jaw members; the jaws may be more opened, for 
example, by moving the first (upper) jaw member at an angle 
with respect to the more proximal region of the device. 
0114. In FIG. 16B the tissue penetrator 1622 extends from 
within the second jaw and across the distal-facing opening to 
pass into an opening on the opposite (first or upper) jaw 
member. The tip of the needle is pointed in this example, and 
a side region of the needle proximal to the pointed distal tip is 
recessed to form a Suture engagement region that is hook 
shaped. Extending the needle into and partially out of the first 
jaw member as shown in FIG.16Ballows the suture engage 
ment region on the tissue penetrator to engage the Suture held 
by the first jaw member, as shown. The tissue penetrator in 
this example extends out of the distal end of the first jaw 
member distally (not laterally) and is limited to extending just 
a finite amount (e.g., less than 4 mm) from the distal tip of the 
first jaw member. In FIG. 16C, the tissue penetrator is 
retracted back to the second jaw member, pulling the Suture 
with it in the Suture engagement region. 
0115 The variation of the suture passer illustrated in 
FIGS. 16A-16C in which the tip of the tissue penetrator 
extends distally, has various features or advantages including 
simplifying the coordination between the various parts. For 
example, less coordination is required to limit the needle 
motion (e.g., stopping it before it crashes into the first or 
upper jaw). This may allow greater tolerances, and the parts 
may require less precision. Also, extending the tissue pen 
etrator distally may allow for "over travel of the tissue pen 
etrator and provide for more reliable engagement (hooking) 
of the Suture by the Suture engagement region. The distal end 
of the first jaw member may include sufficient space for the 
tissue penetrator to over-travel the suture so that the hook 
(Suture engagement feature) on the tissue penetrator can grab 
the suture on its way back to the lower (second) jaw member. 
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With this variation, the height of the first jaw member can be 
compressed sizably, and the over-travel necessary to pick up 
the Suture is directed in a manner that doesn’t require addi 
tional height. Further, the additional over-travel opportunity 
offered by this configuration may allow use of a symmetric 
distal tip region for the Suture penetrator, e.g., having a point 
is in the middle of the tissue penetrator distal tip region. 
Asymmetric tissue penetrators may also be used (e.g., having 
a point is on one side of the tissue penetrator). However, the 
asymmetric tissue penetrators may have a greater propensity 
to deviate from the desired needle trajectory towards the 
direction of the needle point. 
0116 FIGS. 18A-18C illustrate another variation of a 
suture passer. In FIG. 18A, the second jaw member is not 
retracted proximally, and the first and second jaw members 
are clamped together. The first jaw member may be opened as 
shown in FIG. 18B, and the tissue penetrator may be extended 
across the distal-facing opening, as shown in FIG. 18C. 

Methods of Use 

0117. In general, the devices described herein may be used 
to Suture any appropriate tissue. These devices are particu 
larly well Suited for passing a Suture in a minimally invasive 
procedure to reach difficult to access regions. Examples of the 
use of these devices are provided below, and illustrated in 
FIGS. 19A to 31F. 
0118. The general operation of one variation of a dual 
deployment suture passer is illustrated in FIGS. 19A-19F. 
The clamping/sliding suture passer illustrated in FIG. 19A 
includes a handle such as the one shown in FIG. 17A, above. 
Before use, a suture may be loaded on the first jaw member of 
the device. For example, a loop of suture may be loaded onto 
the first jaw member. The free ends of the suture may be 
coupled to a Suture control element such as a tensioning 
screw, as shown in FIG. 19A. For example, the two free ends 
may be cinched onto a tensioner screw. The Suture passer may 
be loaded outside of the body by the user, or it may be 
pre-loaded. Once loaded, the Suture passer may be inserted 
into the body near the target tissue. For example, the device 
may be inserted into the body through a cannula. As shown in 
FIG. 19A, the second (lower) jaw member may be fully 
retracted proximally, and the upper jaw may be clamped 
down fully so that it is in-line with (straight) relative to the 
elongate member; the first jaw member may be locked in this 
position for insertion, or it may be moved or dynamically 
adjusted as it is inserted. 
0119 Thereafter, the device may be positioned relative to 
the target tissue. For example, the first jaw member may be 
positioned adjacent to the target tissue. As shown in FIG. 19B. 
the device may then be positioned and the clamp trigger 
adjusted or released. 
0.120. Once the tissue is adjacent to the first jaw member, 
the second jaw member may be extended to Surround a target 
tissue, as shown in FIG. 19C. In this example, the control for 
the second jaw member (the lower jaw lock) may be actuated 
to slide the lower jaw member distally, forming the distal 
facing opening, and Surrounding (at least partially) the target 
tissue to be sutured. As shown in FIG. 19C, this may be 
achieved by sliding in and locking the lower jaw with the 
lower jaw handle by releasing the lower jaw screw lock and 
sliding the lower jaw into position. The lower (second) jaw 
may then be locked in a fully extended position. 
I0121 The upper (first) jaw member may be adjusted to 
clamp or hold the targettissue securely between the upper and 
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lower (first and second) jaw members, as illustrated in FIG. 
19D. Thereafter, the tissue penetrator may be actuated (e.g., 
by Squeezing the needle trigger) to extend from within the 
lower jaw member, through the tissue between the first and 
second lower jaw members, and across to the upper jaw. To 
engage a Suture held within the Suture engagement region in 
the upper jaw. The tissue penetrator may then pick up the 
Suture from the upper jaw and pull it back down through the 
tissue, as shown in FIGS. 19D and 19E. 
0122. Once the suture has been hooked, the tissue penetra 
tor may be retraced back into the second jaw member (in this 
example), as shown in FIG. 19F, and the lower jaw member 
may be retraced proximally, in the reverse to the process 
described above, so that the Suture passer, which having 
passed the suture successfully, may be withdrawn from the 
patient. 
(0123 FIGS. 20A-20B show a generic version of a dual 
deployment suture passer. FIG. 20A shows a suture passer 
having a second jaw member in a retracted state; FIG. 20B 
shows the same suture passer with the lower jaw in an 
extended State. This generic schematic of a dual deployment 
(e.g., clamping/sliding) Suture passer may be used to illustrate 
operation of the device in different tissues. 
0.124. Any of the devices described herein may be used to 
Suture and treat a torn meniscus of the knee. For example, in 
FIGS. 25A-25H a torn meniscus 2503 is repaired using the 
device as discussed above. In FIG. 25A the suture passer 2505 
is inserted into the knee with just the first jaw member 
extended. The jaw member can easily fit between the femur 
and tibia of the knee to approach the meniscus 2501. The first 
jaw member can then be slid between the superior surface of 
the meniscus and the femur (as shown in FIG.25B). The angle 
of the first jaw member may be dynamically adjusted as the 
Suture passer is inserted to best match the tissue. This proce 
dure may be observed arthroscopically. Thereafter, the sec 
ond jaw member 2507 may be advanced under the meniscus 
between the inferior surface of the meniscus and the tibia, 
until the second jaw member is fully extend and the target 
tissue, including the meniscal tear 2503 is surrounded within 
the jaws of the device as shown in FIG. 25C. 
0.125. The meniscus tissue may then be clamped between 
the first and second jaw members, and the tissue penetrator 
may be extended across the tissue, as shown in FIG.25D. The 
arrow indicates the direction of the tissue penetrator from the 
lower (second) jaw member, through the meniscus and into 
the upper (first) jaw member. The tissue penetrator may then 
engage the Suture held in the first jaw member. The tissue 
penetrator is prevented (e.g., by a limiter) from extending 
beyond the upper jaw member, and may then be retracted, as 
shown in FIG.25E, by withdrawing the tissue penetrator back 
down through the meniscus and into the lower (second) jaw 
member, pulling the suture loop with it. In FIG. 25F, the 
Suture has been completely drawn through the meniscus and 
the tissue penetrator completely retracted. Thereafter the 
lower jaw member may also be withdrawn by axially retract 
ing it proximally, as shown in FIG. 25G. The suture passer 
may then be withdrawn from the meniscus, as shown in FIG. 
25H. The looped suture may be pulled so that one free end of 
the Suture is pulled through the meniscus (leaving a single 
Suture length, rather than a loop of Suture passing though the 
meniscus). The Suture may then be knotted. 
0.126 FIGS. 26A-26H illustrate another variation of a 
method of using the Suture passer devices described herein to 
treat a patient. In this example, the method is used to treat a 
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Bankart tear, an anterior inferior (or posterior inferior) labral 
tear. FIG. 26A illustrates the labral tear. In FIG. 26B the 
suture passer is inserted into the shoulder and the first jaw 
member is positioned (by dynamically adjusting the angle of 
the first jaw member) adjacent to the torn tissue, as shown in 
FIG.26C. In FIG. 26C, the firstjaw member is placed over the 
labrum and the anterior-inferior capsule. The lower (second) 
jaw member may then be axially extended so that the jaws 
now encompass the labro-capsular region, as shown in FIG. 
26D. The first jaw may be adjusted to clamp the target tissue 
securely between the jaws and the tissue penetrator may be 
extended to pass a Suture between the jaws, as shown in FIG. 
26E. The lower (second) jaw member may then be retracted, 
and the device may be removed, as shown in FIG. 26G. Akinot 
or tie may then be slid over the suture ends to tide off the 
suture as shown in FIG. 26H. 

I0127. The suture passer devices and methods describe 
herein may also be used to repair a hip labrum, as illustrated 
in FIGS. 27A-27G. In FIG. 27 A-27B, the hip labrum may be 
approached by the Suture passer having the second jaw mem 
ber retracted and the first jaw member extended distally. The 
angle of the first jaw member may be dynamically adjusted to 
help pace the Suture passer near the labrum to be sutured, as 
shown in FIG.27C. In FIG.27D, the second jaw member may 
be axially extended from a proximal position to slide beneath 
the labrum and form a distal-facing opening so that the first 
and second jaw members Surround the labrum tissue as shown 
in FIG. 27.D. In FIG. 27E the tissue penetrator may then be 
extended across the distal-facing opening and through the 
tissue to grab (or in some variations drop off) a Suture in the 
Suture engagement region of the opposite jaw member. The 
tissue penetrator can then be retracted, and the second jaw 
member can also be retracted proximally, as shown in FIG. 
27F. Finally, the device can be withdrawn from the tissue, as 
shown in FIG. 27G. 

I0128. In any of the methods described herein the device 
may be controlled from the proximal end by a handle such as 
those illustrated above (e.g., FIGS. 17A and 17B). The device 
may be controlled using a single hand. 
012.9 FIGS. 28, 29, 30A-30F and 31A-31F illustrate the 
use of a Suture passer device such as the one illustrate herein 
to repair spinal tissue. For example, FIG. 28 shows a normal 
disc of a spine (a schematic illustration of a section through 
the spine is shown). In contrast, FIG. 29 shows a herniated 
disc. Traditionally this region has been difficult to access and 
thus difficult to suture. One variation of a device as described 
herein may be used to Suture the disk annulus. For example, in 
FIG. 29.A shows a suture passer as descried herein approach 
ing the herniated disc. The angle of the first jaw member may 
be dynamically adjusted to help position the firstjaw member 
adjacent to the tissue (e.g., the annuls) to be sutured. Once in 
position, as shown in FIG.30B, the second jaw member may 
be extended so that the tissue to be treated is between the jaws, 
as shown in FIG.30C. Thereafter the tissue penetrator may be 
extended across the jaws and through the tissue either to push 
a Suture to the opposite side, or in Some variations, to pull the 
suture from the opposite side back through the tissue. The 
second jaw member may then be retracted and the entire 
device withdrawn from the disc region, as shown in FIG.30F, 
leaving the suture behind. 
0.130. In general, a suture may be passed from the first jaw 
member to the second jaw member or vice versa. Further, the 
tissue penetrator may be configured to push the Suture 
through the tissue or it may be configured to pull the Suture 
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through the tissue; the Suture engagement region on the oppo 
site side of the jaw from that housing the tissue penetrator 
may be adapted for either receiving a Suture (e.g., having a 
clamping region or gripping region, a hook, or the like) or for 
passing on a Suture (e.g., holding the Suture in position where 
it may be grabbed by the tissue penetrator). In addition, the 
tissue penetrator may be in either the second jaw member (as 
primarily illustrated above) or it may be in the first jaw mem 
ber; the appropriate engagement region may be present on the 
opposite jaw as well. 
0131 FIGS. 31A-31F show another view of the method 
for Suturing an annulus of a disc of a spine. For example, in 
FIGS. 31A to 31C, the suture passer including an extended 
first jaw member approaches the torn tissue to be sutured. In 
FIG. 31D the second jaw member is axially extended on the 
opposite side of the tissue to be sutured, and the tissue pen 
etrator is extended to pass the Suture through the tissue. In 
FIG. 31 the tissue penetrator has been retracted and the sec 
ond jaw member has also been retracted, so that the Suturing 
device may be withdrawn while pulling the suture through the 
tissue, as shown in FIG. 31F. 
0132 Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it is readily apparent 
to those of ordinary skill in the art in light of the teachings of 
this invention that certain changes and modifications may be 
made thereto without departing from the spirit or scope of the 
invention. 
0.133 Although the description above is broken into parts 
and includes specific examples of variations of suture passers, 
any of the features or elements described in any particular 
example or section may be incorporated into any of the other 
embodiments. Although the foregoing invention has been 
described in some detail by way of illustration and example 
for purposes of clarity of understanding, it is readily apparent 
to those of ordinary skill in the art in light of the teachings of 
this invention that certain changes and modifications may be 
made thereto without departing from the spirit or scope of the 
appended claims. 

1. A suture passer device comprising: 
an elongate body having a proximal end region and a distal 

end region; 
a first jaw member extending from the distal end region of 

the elongate body and configured for angular movement 
relative to the elongate body; 

a second jaw member configured to extend axially relative 
to the elongate body, the second jaw configured to form 
an opening with the first jaw member when the second 
jaw member is axially extended, wherein the second jaw 
member is configured to move independently of the first 
jaw member, and 

a tissue penetrator deployably held within either the first or 
second jaw member and configured to pass a Suture 
between the first and second jaw members by extending 
and retracting between the first and second jaw members 
when the first and second jaw members form the open 
ing. 

2. The device of claim 1, wherein the tissue penetrator is 
configured to extend and retract between the first and second 
jaw members without extending Substantially beyond a lat 
eral side of the first or second jaw members opposite the 
opening. 
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3. The device of claim 1, wherein the second jaw member 
is configured to move axially by extending distally or retract 
ing proximally from the distal end region of the elongate 
body. 

4. The device of claim 1, wherein the opening formed by 
extending the second jaw member comprises a distal-facing 
opening. 

5. The device of claim 1, further comprising a suture 
engagement region near a distal tip of the tissue penetrator, 
the Suture engagement region configured to couple with a 
Sulture. 

6. The device of claim 1, further comprising a travel limiter 
configured to prevent the tissue penetrator from extending 
substantially beyond a lateral side of the first or second jaw 
members opposite the opening. 

7. The device of claim 1, further comprising a movement 
limiter configured to limit the movement of the tissue pen 
etrator based on a position of the first jaw member, the second 
jaw member or both the first and second jaw members, rela 
tive to the elongate body. 

8. The device of claim 1, further comprising a second jaw 
holdfast configured to hold the second jaw member in an axial 
position relative to the elongate body. 

9. The device of claim 1, further comprising a first jaw 
holdfast configured to hold the first jaw member in an angular 
position relative to the elongate body. 

10. The device of claim 1, further comprising a first control 
for controlling the angular position of the first jaw member 
relative to the elongate body and a second control for control 
ling the axial position of the second jaw member relative to 
the elongate body. 

11. The device of claim 1, further comprising an indicator 
for indicating when the second jaw is in a predetermined 
axially extended position relative to the elongate body. 

12. The device of claim 1, further comprising a proximal 
handle having controls for controlling at least one of the 
angular movement of the first jaw member, the axial move 
ment of the second jaw member or the extension and retrac 
tion of the tissue penetrator. 

13. The device of claim 1, wherein the tissue penetrator is 
housed and extends from within the second jaw member. 

14. A Suture passer device comprising: 
an elongate body having a proximal end region and a distal 

end region; 
a first jaw member extending from the distal end region of 

the elongate body and configured for angular movement 
relative to the elongate body; 

a second jaw member configured to extend distally or 
retract proximally from within the distal end region of 
the elongate body; and 

a tissue penetrator configured to pass a Suture between the 
first and second jaws and further configured to extend 
and retract between the first and second jaw members 
when the second jaw member is extended distally to 
form a distal-facing opening with the first jaw member. 

15. The device of claim 14, further comprising a suture 
engagement region near a distal tip of the tissue penetrator, 
the Suture engagement region configured to couple with a 
Sulture. 

16. The device of claim 14, further comprising a movement 
limiter configured to limit the movement of the tissue pen 
etrator based on a position of the first jaw member, the second 
jaw member or both the first and second jaw members. 
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17. The device of claim 14, further comprising a second 
jaw holdfast configured to hold the second jaw member in an 
axial position relative to the elongate body. 

18. The device of claim 14, further comprising a first jaw 
holdfast configured to hold the first jaw member in an angular 
position relative to the elongate body. 

19. The device of claim 14, further comprising a first con 
trol for controlling the angular position of the first jaw mem 
ber relative to the elongate body and a second control for 
controlling the axial position of the second jaw member rela 
tive to the elongate body. 

20. The device of claim 14, further comprising a travel 
limiter preventing the tissue penetrator from extending 
beyond a lateral side of the first or second jaw members 
opposite the distal-facing opening. 

21. The device of claim 14, further comprising a proximal 
handle having controls for controlling at least one of the 
angular movement of the first jaw member, the axial move 
ment of the second jaw member and the extension and retrac 
tion of the tissue penetrator. 

22. The device of claim 14, wherein the tissue penetrator is 
housed and extends from within the second jaw member. 

23. A suture passer device comprising: 
a hinged firstjaw member extending from a distal end of an 

elongate body and configured to controllably bend rela 
tive to a longitudinal axis of the elongate body; 

an axially sliding second jaw member configured to extend 
distally and retract proximally relative to the distal end 
of the elongatebody to form a distal-facing opening with 
the first jaw member when the second jaw member is 
extended distally: 
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a tissue penetrator housed within the second jaw member 
and configured to extend across the distal-facing open 
ing to the first jaw member; 

a Suture engagement region disposed near a distal end of 
the tissue penetrator and configured to engage a Suture; 
and 

a travel limiter configured to engage the tissue penetrator 
and prevent the tissue penetrator from extending beyond 
a lateral side of the first or second jaw members opposite 
the distal-facing opening. 

24. (canceled) 
25. (canceled) 
26. (canceled) 
27. (canceled) 
28. (canceled) 
29. (canceled) 
30. (canceled) 
31. The device of claim 1, wherein the opening between the 

first and second jaws is an angular opening. 
32. The device of claim 1, wherein the second jaw member 

is configured to retract into the distal end region of the elon 
gate body. 

33. The device of claim 1, wherein the second jaw member 
is configured to retract into the distal end region of the elon 
gate body so that most or all of the second jaw member is held 
proximal to the distal end of the elongate body. 

34. The device of claim 14, wherein the second jaw mem 
ber is configured to retract into the distal end region of the 
elongate body so that most or all of the second jaw member is 
held proximal to the distal end of the elongate body. 

c c c c c 


